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Outline

Transverse Dipole Instability Induced by non-
magnetized electron cooling beam:

Ion beam Transversal  Instability threshold 
estimation.
Coherent Damping effect due to  the designed 
cooling electron beam.

Longitudinal Dipole Instability due to electron 
cooling beam.
Transverse Quadruple Instability due to envelope 
oscillation.



Two stream Instability Due to Non-Magnetized 
Electron Beam

By
Bx

)2cos(
w

x
sBB

λ
π

⊥= )2sin(
w

y
sBB

λ
π

⊥= 0=sB

)'sin()(' 22
2

2

s
cM

ZeBXXX
ds
d

w
i

eiiei Ω−−Ω−= ⊥

γ

)'sin()('22

2

s
cm

eBXXX
ds
d

w
e

ieeie Ω+−Ω−= ⊥

γ



Designed parameters

Ion Density (Lab Frame)

Ion number per bunch

0.37 mIon rms bunch length 

2.5 Ion rms emittance

200 mCooling section ion Beta function

Electron Density (Lab Frame)

5  nCElectron beam charge

0.009   mElectron rms bunch length

2.36 mmElectron rms beam size

60  mCooling section length

0.15 mWiggler field wavelength

0.001 TWiggler field strength

1610967.2 ×

mπµ

910

131031.2 ×
3−m

3−m
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Non-magnetized Beam Contin.1
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Density within 1
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The instability threshold is 
three orders of magnitude 
bigger than the designed 
electron density.

σ



Non-magnetized Beam Contin.2

At the designed electron beam density, the two 
stream interaction will damp the ion beam  
coherent oscillation with the damping rate:

61001.41det −×−=−transverse

Which corresponds to  the damping time of 3.2 seconds.

Per turn



Longitudinal Instability Induced by electron beam
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Equations of Motion for envelope oscillation

Vlasov’s equation:
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1. The unperturbed beams envelope 
are round..

2. The envelope oscillation will not 
change the area of the beam cross 
section.



Equation of motion continue.1

Where 
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If no external field, i.e.K=0, one gets



Result for RHIC e-cooler

Since there is no solenoid in the cooling section, the equation of 
motion is reduced to the following form,
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where Ci and Ce are determined by the initial conditions. The 
solution of the equation can also be written into matrix form, 
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get the one turn transfer matrix, 
and thus the eigenvalues for 
each mode.



Result for RHIC e-cooler continue

1.1016 1.1017 1.1018 1.1019
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0.50.047
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∆λringne( )0
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80ne1⋅1016 ne

The instability threshold is

which is above the designed electron density                    by a factor 
of 60. (All parameters are from MAC’06 design.)

318
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Equation of motion continue.2
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Setting  the initial condition of the electron beam to be (0,0,0), above 
linear differential equation can be solved into the following form

The instability happens when 
1)det( >coolA



Result for FNAL     Recycler

150 gaussSolenoid strength

20 metersCooling section length

9.5Beam energy (    )

3320 metersRecycler circumference

1 mmIon rms beam size

Ion Density

Electron Density

Ion Population per bunch

500 mAElectron current

4.5 mmElectron beam size (coasting beam)

2000 meter (barrier buchket)Ion full bunch length

Table.1 Parameters used for FNAL Recycler

γ

3141065.1 −× m
3131071.2 −× m

10107.47 ×

p



Result for FNAL    Recycler Continue.p
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1.381 10 4−×

9.07 10 10−×

∆detcool n e( )

10161014 n e

The growth rate for the 
actual electron density of 
the     Recycler  is estimated 
to be 

Or

seconds

p

turn/1098.4 9−×=Γ

170=riseτ

The observed emittance
growth is around 1000 
seconds, which is slower than 
the estimated growth rate by a 
factor of 6.



Summary
1. Under the cosidered V.Parkhomchuk and V.Reva

model, the designed electron cooling beam will not 
cause two stream instability and the threshold for 
the instability are 3 and 1 orders larger than the 
currently designed electron beam density for the 
transversal and longitudinal instability respectively.

2. The calculation under V.Reva model for the 
envelope oscillation shows the threshold for 
quadruple oscillation is larger than the designed 
electron density by a factor of 60. The calculated 
growth rate for Anti-proton Recycler is  0.0058 
which is larger than the observed emittance growth 
rate by a factor of 6. 



Problem to be solved
1.Modify the model for bunched beams in order to 

take the synchrotron oscillation into account and 
study the effects of the electron longitudinal 
motion on the ion beam instability such as electron 
beam painting.

2.Write computer-simulation codes to track the 
multi-particle long-range interaction in the cooling 
section. 

3.Experimental measurements of the growth rate and 
threshold of the electron beam induced instability 
should be done.


